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[57) ABSTRACT

Novel  3,5-di-tert-butyl-4-hydroxyphenyl-substituted
heterocyclic compounds shown by the formula

C(CH3)3
on
C(CH3)3
wherein (He) — represents a specific heterocyclic

group and the salts thereof.

The compounds have an anti-inflammatory, an anti-
pyretic, an analgesic, an anti-arthritic, and an im-
munoregulatory activity. Hence, they are particularly
useful as an antirheumatics.

16 Claims, No Drawings
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3,5-DI-TERT-BUTYL-4-HYDROXYPHENYL-SUB-
STITUTED HETEROCYCLIC COMPOUNDS

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to novel 3,5-di-tert-butyl-4-
hydroxyphenyl-substituted heterocyclic compounds.
More particularly, the invention relates to the 3,5-di-
tert-butyl-4-hydroxyphenyl-substituted  heterocyclic
compounds shown by formula I and their salts;

C(CH3)3 1
C(CH3)3
wherein = — represents a heterocyclic group shown by
the formula

v I end, o
R; A i Rj/< ; ™~

(&7

R3

[wherein R; and R, which may be the same or differ-
ent, each represents a hydrogen atom, a lower alkyl
group, a lower aralkyl group, an aryl group, a lower
alkoxy-substituted aryl group, or a group shown by
—0—Z,

(?)n
—8—2Z,

or -——NH--Z (wherein Z represents a hydrogen atom, a
lower alkyl group, a carboxy lower alkyl group, a lower
alkoxycarbonyl lower alkyl group, a lower aralkyl
group, or an aryl group and n represents O, 1, or 2); A
represents an oxygen atom, a sulfur atom, an imino
group, a lower alkylimino group, or a 3,5-di-tert-butyl-

4-hydroxyphenacylimino group
C(CH3)3
N\
NCH3CO OH |;
Ve
C(CH3)3

R3, Ry, and Rs, which may be the same or different,
each represents a hydrogen atom, a halogen atom, a
lower alkyl group, a hydroxy lower alkyl group, an
amino lower alkyl group, an aryl group, a lower alkoxy-
substituted aryl group, a lower alkanoyl group, a lower
alkylthio group, a lower alkoxy group, a lower aralkyl
group, a cyano group, or a thiocyanato group; m repre-
sents 0, 1, or 2; and the dotted line means the presence
or absence of a double bond). The terminology
throughout the specification and the claims of this in-
vention is as follows:

The term “lower” means a straight or branched car-
- bon chain of 1-6 carbon atoms. Therefore, for example,
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“lower alkyl group” includes methyl group, ethyl
group, propyl group, isopropyl group, butyl group,
isobutyl group, tert-butyl group, heptyl group, hexyl
group, etc.; “lower aralkyl group” .includes benzyl
group, phenethyl group, etc.; “lower alkoxy group”
includes methoxy group, ethoxy group, propoxy group,
isopropoxy group, butoxy group, hexyloxy group, etc.;
“lower alkylthio group” includes methylthio group,
ethylthio group, propyithio group, isopropylthio group,
etc.; and “lower alkanoyl group” includes formyl
group, acetyl group, propionyl group, isopropionyl
group, butyryl group, hexanoyl group, etc. Also, the
term “amino” in “amino lower alkyl group” means not
only amino group but also mono- or di-alkylamino
group such as methylamino group, dimethylamino
group, diethylamino group, etc., and cyclic amino
group such as morpholino group, pyrrolidino group,
piperidino group, piperazino group, 4-lower alkyl-
piperazino group, etc. Furthermore, the term “aryl
group” includes phenyl group, naphthyl group, etc.,
and the term “halogen atom™ includes chlorine atom,
bromine atom, iodine atom, fluorine atom, etc.

Then, as the salts of the compounds of this invention
shown by formula I, there are pharmaceutically accept-
able acid addition salts, for example, acid addition salts
of an inorganic acid such as hydrochloric acid, hydro-
bromic acid, sulfuric acid, nitric acid, phosphoric acid,
etc.

The compounds of this invention shown by formula I
have an anti-inflammatory, an anti-pyretic, analgesic, an
antiarthritic and an immuno regulatory activity. Hence
they are novel compounds particularly useful as an
antirheumatic.

That is, since the compounds of this invention shown
by formula I show a therapeutic and prophylactic effect
on adjuvant-induced arthritis which is considered to be
an animal model of human rheumatism and further have
analgesic and anti-inflammatory activities as well as a
prostaglandins formation inhibiting activity as a bio-
chemical activity, the compounds of this invention are
considered to be useful for the therapeutic and prophy-
laxis of human rheumatic disease. Moreover, the com-
pounds of this invention shown by formula I suppress
remarkably Coomb’s type III (Arthus reaction) and
type IV (delayed type hypersensitivity) allergic reac-
tions as well as have a lipoxigenase suppressing activity
and a property as a radical scavenger, which have never
been attained by conventional nonsteroidal acidic anti-
inflammatory antirheumatics represented by indometh-
acin and diclofenac. Therefore, the compounds of this
invention are particularly useful as antirheumatics hav-
ing new mechanism.

The 1st feature of the chemical structure of the com-
pounds of this invention shown by formula I is that the
compounds belong to a nonsteroidal nonacidic anti-in-
flammatory agent, and different from conventional non-
steroidal acidic anti-inflammatory agents such as indo-
methacin and diclofenac. The 2nd feature is in the point
that the heterocyclic ring of the heterocyclic compound
is directly substituted by a 3,5-di-tert-butyl-4-hydrox-
yphenyl group. The 3rd feature is in the point that the
substituted heterocyclic ring itself is a specific heterocy-
clic ring. Practically, the heterocyclic ring in the heter-
ocyclic compound of this invention is
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i.e., an imidazole ring, a thiazole ring, or an oxazole, or

N

!

ie., a (2,3-dihydro)imidazo[2.1-b]thiazole ring.
As heterocyclic compounds the heterocyclic ring of
which is directly substituted by a 3,5-di-tert-butyl-4-
hydroxyphenyl group, there are known, for example,
2-(3,5-di-tert-butyl-4-hydroxyphenyl)benzoxazole com-
pounds and 2-(3,5-di-tert-butyl-4-hydroxyphenyl)-ben-
zothiazole compounds (West German Offenlegungs-
shrift No. 2,008,414) 2-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-1,3-diphenylimidazolidine compounds (Belgian
Pat. No. 807,140); and 2-[2-(3.5-di-tert-butyl-4-hydroxy-
phenyl)-5-ethoxy-4-thiazolyl]acetic acid (Japanese Pat.
Appln. Laid Open No. 7669/°78). The benzoxazole
~«compounds and the benzothiazole compounds are used
~ as an antioxidant and the imidazolidine compounds are
" used as intermediates for plant protecting agents and
-dyes. The last acetic acid compound is suggested to be
used as an anti-thrombotic agent, a hypolipaemic agent,
and an anti-inflammatory agent. About the acetic acid
compound, the use as an anti-inflammatory agent is
suggesied as described above but there is no disclosure
“about the practical pharmacological effect of the com-
- pound as an anti-inflammatory agent and also the chem-
ical structure of the acetic acid compound is a heterocy-
clic ring-substituted acetic acid derivative, which be-
longs to a nonsteroidal acidic anti-inflammatory agent
and hence differs from the compounds of this invention
shown by formula I in chemical structure.

4
The preferred compound group of the compounds of

this invention shown by formula I is compounds having
the heterocyclic ring shown by

N
Rlﬁj— ,
Ry A

that is the 3,5-di-tert-butyl-4-hydroxyphenyl-substituted
heterocyclic compounds shown by the formula Ia

C(CH3)3 Ia

'C(CH3);

wherein R, Ry, and A have the same significance as
defined above.
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4
The particularly preferred compounds in the forego-
ing heterocyclic compounds are as follows;
4-(3,5-di-tert-buty1-4-hydroxyphenyl)-S-methy]-2-oxo-
4-imidazoline,
4-(3,5-di-tert-buty]-4-hydroxypheny])-5-ethyl-2-oxo-4—
imidazoline
4»(3,5-di-tert-butyl-4-—hydroxyphenyl)-S-methyl-z-
methylthioimidazole.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
methylimidazole,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-mercapto-
thiazole,
4-(3,5-di=-tert-butyl-4~hydroxyphenyl)-2-methylthio-
thiazole,
4-(3,5-di-tert-butyl-4—hydroxyphenyl)-S-ethylimidazole,
and
4-(3,5-di-tert-butyl-4—-hydroxyphenyl)-S-ethyl-2-methyl-
thioimidazole.
Other preferred compound groups of the compounds
of this invention shown by formula I is the compounds
having the heterocyclic group shown by

]

R3

*

that is, the 3,5-di-tert-butyl-4-hydroxyphenyl-sub-
stituted heterocyclic compounds shown by the formula
Ib;

b

C(CH3)3

wherein R3, R4, and Rs have the same significance as

5 defined above. The particularly preferred compounds

in the foregoing heterocyclic compounds are as follows;

6-(3,5-di-tert-butyl-4-hydroxyphenyl)5-methyl-2,3-
dihydroimidazo[2,1-b]thiazole,

6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazof2,1-b]thiazole 1-oxide,

6-(3,5-di-tert—butyl-4—hydroxypheny1)-2,3-dihy~
droimidazof2,1-b]thiazole 1,1-dioxide, and

6-(3,5-di-tert-buty]-4—hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-bJthiazole.

In addition, there are prototropic isomers on the com-
pounds of this invention shown by formula I. For exam-
ple, in the compounds of this invention shown by for-
mula Ia wherein R is

©)n
—s—z

(wherein nis 0 and Z is a hydrogen atom) or R} is —OZ
{(wherein Z is a hydrogen atom), there are following
prototropic isomers;
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C(CH3)3
N HN
—
| OH
/k >\ S é >\
C(CHa)3
C(CH3)3
N _J HN
—_—
H o)l\ ><\ OH < ék ;\
A R2 A R;
C(CH3)3

The compounds of this invention shown by formula 1
can be prepared by the following methods:

(A) The compounds of this invention shown by for-
mula I wherein (ney— is the heterocyclic group shown by g

25
Ry A
(wherein Rj, Ry, and A have the same significance as
defined above), that is the compound shown by formula
Ja can be shown by formula Ia-1 30
N Rg | PR
A I
R A Rz 35
wherein one of R¢, R7, and Ry represents a 3,5-di-tert-
butyl-4-hydroxyphenyl group
40
C(CH3)3
OH
45
C(CH23)3

and others of them have the same significance as Rj and

R3, and A has the same significance as defined above, 50 ‘

and the compound can be prepared by the following
method:
(i) First production method:

NH; O=C=—Rg

Rg—~C=A' + X~=CH—R7

Ha lla

wherein A’ represents an oxygen atom, a sulfur atom, an
imino group or a lower alkylimino group; X represents
a halogen atom; and Re, R, and Rg have the same sig-
nificance as defined above.

That is, the compound of this invention shown by
formula I,.1 can be prepared by reacting the compound
shown by formula Ila (i.e., urea, thiourea, amidine,

65

C(CH3)3
OH

C(CHa)3

C(CH3)s
OH

C(CH3)3

amide, thioamide, and amidothiocarbonic acid deriva-
tives) with the a-halocarbonyl compound shown by
formula ITla. This reaction is performed by heating the
compound of formula Ila and a corresponding amount
of the compound of formula IIIa in situ or in a proper
solvent such as methanol, ethanol, toluene, dimethyl-
formamide, acetone, chloroform, methyl ethyl ketone,
ethyl acetate, methyl cellosolve, ethyl cellosolve, di-
gryme acetonitrile, etc. The reaction temperature and
the reaction time are suitably determined according to
the kinds of starting materials and solvent used. In addi-
tion, the compound of formula IIa may be used for the
reaction as a salt thereof, such as a hydrochloride of an
amidine derivative or ammonium amidodithiocarbon-
ate.

Furthermore, when in the method, cyanourea
(NH2CONHCN) is reacted with the a-halocarbonyl
compound of formula IIIa and then the product is hy-
drolyzed, the compound of formula I,.; wherein Rgis a
hydroxyl group and A is an imino group, i.e., the com-
pounds of this invention shown by the formula

e

H

Rg

Ry

wherein R7and Rghave the same signiflcance as defined
above can be produced.
(ii) Second production method

Rg
NH;—CH—Rg N
R'—N=C=Y + O0=C—R; > PR
Y N Ry
IVa Va I
R
Ig2

wherein R’ represents a hydrogen atom or a lower alkyl
group; Y’ represents a hydroxyl group or a mercapto
group; Y represents an oxygen atom or a sulfur atom;
and Ry and Rg have the same significance as defined
above.

That is, the compounds of this invention shown by
formula I,.; wherein A is an imino group or a lower
alkylimino group and R is a hydroxyl group or a mer-
capto group, i.e., the compounds shown by formula I,.;
can be prepared by reacting the compound shown by
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formula IVa (i.e., isocyanic acid, isothiocyanic acid, and
the lower alkyl-substituted derivatives of them) or the
alkali metal salt thereof with the a-aminocarbonyl com-
pound shown by formula Va or the salt thereof. In the
case of using the alkali metal salt of isocyanic acid or
isothiocyanic acid, the reaction is performed in a sol-
vent such as alcohol, aqueous alcohol, etc., with the
addition of an acid such as hydrochloric acid, etc., at
room temperature or under heating. In the case of heat-
ing, the reaction may be performed under refluxing at
about the boiling point of the solvent used.

Also, in the case of using the lower alkyl-substituted
derivative of isocyanic acid or isothiocyanic acid, the
reaction is performed in a basic solvent such as pyridine,
etc., at room temperature or under heating.

In addition, the compounds of this invention shown
by formula I,.; wherein Y’ is a mercapto group, i.e., the
compounds shown by the formula

wherein R’, R7, and Rg have the same significance as
defined above can be prepared by reacting the com-
pound shown by the formula

I
R'—NHCNH;

with the compound shown by

O=C—Rg
HO—-CH—R7.

(iif) Other production methods:
(1) oxidation
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R7, R, A, and Z have the same significance as defined
above.
The oxidation method (1) is a method of producing
the compound of this invention shown by formula I,.1
wherein Rg is

—S—Z
O)n

and n is 1 or 2, i.e., the S-oxide compound shown by
formula I,4. The S-oxide compound can be prepared by
reacting the corresponding compound of this invention
shown by formula I,.; wherein Rg is

O)x
—S—2Z
H

and n is 0, i.e., the thio compound shown by formula
I,.3 with an oxidizing agent in a solvent such as acetic
acid, chloroform, 1,2-dimethoxyethane, etc., according
to an ordinary manner. As the oxidizing agent, 10-40%
hydrogen peroxide, perbenzoic acid, m-chloroperben-
zoic acid, etc., is usually used. In this case, by suitably
selecting the reaction conditions such as the reaction
time, reaction temperature, the amount of the oxidizing
agent, etc., a desired monooxide compound (n'=1) or
dioxide compound (n'=2) can be obtained.

The alkylation method (2) is a method of producing
the compound of this invention shown by formula I,.
wherein Rg is

n is 0, and Z is a lower alkyl group, a carboxy lower
alkyl group, a lower alkoxycarbonyl lower alkyl group,
or a lower aralkyl group, i.e., the alkylthio compound
shown by formula I,.¢. The alkylthio compound can be
produced by alkylating the compound of this invention
shown by formula I,.; wherein Rg is

Rg Rg
N N
Ia3 /( —_— /( Ig4
Zz—S A Ry Z—S A R7

©)r

Rg
H=—N

Rg Rg
& — N ‘g\ (2) alkylation_>, N '&\
R7 /( . /L
A HS A Ry AL A R7
Ias Ins

3) desulfurization

K

wherein n’ represents 1 or 2; Z' represents a lower alkyl
group, a carboxy lower alkyl group, a lower alkoxycar-
bonyl lower alkyl group, or a lower aralkyl group; and

Rg
) N&\
AN
| PR

65
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Z is a hydrogen atom, and n is 0, i.e., the mercapto (or
thioxo) compound shown by formula I,.5 with an alkyl-
ating agent in a solvent such as methanol, acetone, di-
methylformamide, etc., by an ordinary manner. As the 5
alkylating agent used in the reaction, there are alkyl
halides or aralkyl halides such as methyl iodide, ethyl
bromide, a-bromopropionic acid, a-bromoacetic acid,
ethyl a-bromopropionate, benzyl bromide, phenethyl
iodide, etc., and dialkyl sulfates such as dimethyl sulfate,
diethy! sulfate, etc.

The desulfurization reaction (3) is a method of pro-
ducing the compound of this invention shown by for-
mula I,.; wherein R is a hydrogen atom, i.e., the com-
pound shown by formula I;.7. The compound can be
produced by desulfurizing the corresponding mercapto
(or thioxo) compound shown by formula I,.5 according
to a conventional manner, for example, by treating the
compound with a Raney nickel catalyst.

(B) The compounds of this invention shown by for-
mula I wherein@is the herocyclic group shown by

Rs-l -
<

~ s
(&)™

20

25

ﬂlq

N R3

30

wherein R3, Rg, Rs, and m have the same significance as
defined above, that is, the compound shown by formula
Ib can be shown by formula 1.1

©)m

35

Rio Ip—1

Ro

wherein one of Rg, Ry, R11, and Ry2 represents a 3,5-di-
tert-butyl-4-hydroxyphenyl group

45
C(CHz)3
OH . 50
C(CHzs);

others have the same significance as R3, Ry, and Rs; and
m and the dotted line have the same significance as
defined above, and the compound can be prepared by
the following methods.

(i) First production method:

B

b

X—CH—'Rm
—
0"‘C“‘R9 65

10
-continued
Rig : N Rig
1 l]
Rz ' S A N Rg

Ip—2

wherein X represents a halogen atom and Ro, Rjo, R1j,
Ry2, and the dotted line have the same significance as
defined above.

The compounds of this invention shown by formula
Ip-1 wherein m is O, i.e., the compounds shown by for-
mula Iy can be prepared by reacting the 2-amino-
thiazoline derivative or 2-aminothiazole derivative
shown by formula IIb with the a-halocarbonyl com-
pound shown by formula IIIb. The reaction is per-
formed by heating the compound of formula IIb and the
corresponding amount of the compound of formula IITb
in situ or in a proper solvent such as methanol, ethanol,
toluene, dimethylformamide, acetone, chloroform,
methyl ethyl ketone, ethyl acetate, methyl cellosolve,
ethyl cellosolve, diagryme, acetonitrile, etc. The reac-
tion temperature and the reaction time are properly
selected according to the kinds of the solvent and the
starting materials used, but the reaction is advanta-
geously performed under refluxing.

(ii) Second production method

R12—CH"X )\ 1[
Vb
iy
PN
S N

Ip—2

Rio

Ro

wherein Ro,Rj0, R11, R12, X, and the dotted line have
the same significance as defined above.

The compound shown by formula I, can be also
prepared by reacting the a-halocarbonyl compound
shown by formula IVb and the 2-mercaptoimidazole
derivative shown by formula Vb or a salt thereof, e.g.,
an alkali metal salt thereof. The reaction is performed
by reacting the compound of formula IVb with the
corresponding amount of the compound of formula Vb
or an alkali metal salt thereof in situ or in a proper
solvent such as methanol, ethanol, toluene, dimethyl-
formamide, acetone, chloroform, methyl ethyl ketone,
ethyl acetate, methyl cellosolve, ethyl cellosolve, di-
gryme, acetonitrile, etc. The reason usually proceeds at
room temperature but may be performed under heating.
The reaction time is properly determined according to
the kinds of the solvent and the starting materials used.
When the compound of formula Vb is used as it is , i.e.,
not as an alkali metal salt thereof, it is preferred that the
compound is previously reacted with a alkali metal
alcoholate to form a corresponding alkali metal salt and
then the alkali metal salt is reacted with the compound
of formula IVb.

This reaction is considered to proceed via an interme-
diate shown by formula VIb
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i=g=o0 )\—J[

sz—CH—S

VIb

wherein Rg, Rio, Ri1, and Ry2 have the same signifi-
cance as defined above, and if necessary, the intermedi-
ate can be isolated. The intermediate of formula VIb
can be converted into the compound of formula I by
the treatment with an acid such as hydrochloric acid,
acetic acid, etc., or phosphorus oxychloride.

In addition, by using the dihalogenoethane derivative
shown by formula IV

IVp_y

2) aminomethylation
I )\ 1

(0)m
Ipg

lower alkanoylation

€]

formylati
(7) thio- Tmyation
cyanation

@
)

cyanation

R N SCN
g
I )% IRs
Rp2 S N
©O)m
Ip-10

wkylation
@®)

JOTL

(O)m

wherein Ryj, R12, and X have the same significance as

defined above, in place of the a-halocarbonyl com-

pound used in the stariing material in the production

method, the compounds of formula I5.; can be prepared.
(iif) Other production method:

oL
L

Pype i ]L_*T

(O)m

R N CN
ji_J j[
x>
Ri2 s 7N Ry
O)m

55

65
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Ry Rio
t N (1) oxidation B
1
{ )%

Rz S N Ro

Ip—2

(2) aminomethylation

Ri3
/7
CH;N
AN
R4

(0)m
Ips

lower alkanoyl

(0),,, Ine

CH,0H

I

Ipg

—lower alkyl

Ipn1

wherein m’ represents 1 or 2; R3 and Ry4 each repre-
sents a hydrogen atom, a lower alkyl group, or they
may combine with each other to form a cyclic amino
group; and Rg, Rig, Ri1, Ry, m, and the dotted line
have the same significance as defined above.

The oxidation method (1) is a methed of producing
the compounds of this invention shown by formula I
wherein m is 1 or 2, i.e., the S-oxide compound shown
by formula I.3. The S-oxide compound can be prepared
by reacting the corresponding thio compound of fore-
going formula I5.2 with an oxidizing agent in a solvent
such as chloroform, 1,2-dimethoxyethane, acetic acid,
etc., according to a conventional method. As the oxidiz-
ing agent, 10-40% hydrogen peroxide, perbenzoic acid,
m-chloroperbenzoic acid, etc., is usually used. In this
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case, by properly selecting the reaction conditions such
as the reaction time, the reaction temperature, the
amount of the oxidizing agent, etc., the desired mono-
oxide compound (m'=1) or dioxide compound (m’=2)
can be obtained.

The aminomethylation method (2) is a method of
producing the compound of this invention shown by
formula I5.; wherein Ry is an aminomethyl group, i.e.,
the aminomethyl compound shown by formula I.5. The
aminomethylation is performed by reacting the com-
pound shown by formula I.; wherein Rypis a hydrogen
atom, i.e., the compound shown by formula I;4 with
formaldehyde with the amine shown by

Ri3

HN

AN
Ri4

according to a Mannich reaction.

The lower alkanoylation method (3) is a method of
producing the compounds of this invention shown by
formula I5.; wherein Rigis a lower alkanoyl group, i.e.,
the lower alkanoyl compound shown by formula Ip.¢.
The lower alkanoyl compound can be prepared by
reacting the compound shown by formula I5.4 with a

5

15

20

25

lower alkanoyl halide such as acetyl chloride, etc., and

an acid anhydride such as acetic anhydride, etc., ac-
cording to a conventional method.

In addition, the lower alkanoyl compounds shown by
formula I5.¢ wherein the lower alkanoyl group is a for-
myl group, i.e., the formyl compounds shown by for-
mula Ip.7 can be also prepared by reacting the com-
pound shown by formula I5.4 with a complex (Vilsmeier
reagent) of dimethylformamide (DMF) according to an
ordinary manner and phosphorus oxychloride or oxalyl
chloride and then hydrolyzing the reaction product.
This method is the foregoing formylation method (4).

The reduction method (5) is a method of producing
the compounds of this invention shown by formula I
wherein Ryo is a hydroxymethyl group, i.e., the hy-
droxymethyl compound shown by formula Iz.s3. The
hydroxymethyl compound can be produced by reduc-

30

35

40

ing the foregoing formyl compound of formula I.7 with

a reducing agent such as sodium borohydride.

The cyanation method (6) is a method of producing
the compounds of this invention shown by formula Ip.;
wherein Rygis a cyano group, i.e., the nitrile compound
shown by formula Isg. The nitrile compound can be
produced by reacting the compound shown by formula
Is.4 with a Vilsmeier reagent as in the foregoing formy-
lation method (4) according to a conventional method
and then reacting the reaction product with hydroxya-
mine.

The thiocyanation method (7) is 2 method of produc-
ing the compounds of this invention shown by formula
Ip.; wherein Rypis a thiocyante (—SCN) group, i.e., the
thiocyanate compound shown by formula I5i9. The
thiocyanate compound can be produced by reacting the
compound shown by formula I54 with a thiocyanate
such as sodium thiocyanate, etc., and bromine.

The lower alkylation method (8) is 2 method of pro-
ducing the compounds of this invention shown by for-
mula Is.; wherein Ryois a lower alkylthio group, i.e., the
lower alkylthio compound shown by formula I5.11. The
lower alkylthio compound can be produced by reacting
the thiocyanate compound shown by formula I5.10 with
a lower alkylating agent according to a conventional

45

60

65
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method. As the lower alkylating agent, a lower alkyl
halide such as methyl iodide, ethyl iodide, etc., is used.

The compounds of this invention shown by formula I
thus produced is isolated and purified by a conventional
chemical operation such as concentration, recrystalliza-
tion, column chromatography, etc.

Typical methods of producing the compounds of this
invention shown by formula I were explained above
and the compounds of this invention and the methods of
producing them will be further explained more practi-
cally and in more detail by the following examples.

In addition, the results of pharmacological tests for
showing the excellent pharmacological effects of the
compounds of this invention shown by formula I will
then be described.

Effect on adjuvant-induced arthritis in rats:

Methods: Male Sprangue Dawley rat aged 7 weeks
were used. Drugs were evaluated by two methods as
follows. All test drugs were suspended in water with
0.5% methylcellulose (0.5% MC) and administered
orally once a day.

(1) Therapeutic effect of drugs; arthritis was induced
by a single injection of 0.1 ml of sterile suspension of
Mycobacterium butyricum (6 mg/ml) in liquid paraffin
into tail skin of rats (day 0). After about 2 weeks, ar-
thritic rats were selected and allocated into groups.
Drugs were given daily following about 10 days. Thick-
ness of the foot was measured with dial thickness gauge
both on the day of initial dosing and on the next day of
final dosing, change of foot thickness (AFT 10—2 mm)
was calculated as a difference between these two val-
ues. The results are shown in Table L.

(2) Prophylactic effect of drugs: arthritis was induced
by single subplanter injection of 0.05 ml of the suspen-
sion into the left hind paw of rats. Drugs were given
daily for 21 days starting from the day (day 0) of injec-
tion of the suspension. Thickness of both feet, injected
foot (left foot, FT.) and uninjected foot (right foot,
FTR) were measured with dial thickness gauge on day
0 and 21, The percent inhibition (I1%) was calculated
from difference in increased foot thickness between
control and drug-treated group. The results are shown
in Table II.

TABLE I
(Therapeutic effect)

Dose

(mg/ Day 16~

kg/ Day 17

day AFT
Drugs P.O) N (X 10-2mm)
0.5% MC — 3 233 + 59
Indomethacin 2 3 —173 £ 62%**
4-(3,5-di-tert-butyl-4- 25 3 —216 £ 30***
hydroxyphenyl)-5-methyl-
2-oxo-4-imidazoline

Dose

(mg/ Day 16—

kg/ Day 25

day AFT
Drugs P.O) N (X 10~2mm)
0.5% MC - 3 97 = 91
Indomethacin 2 3 -216 + 30*
4-(3,5-di-tert-butyl-4- 25 3 —153 % 56*
hydroxyphenyl)-5-methyl-
2-methylthioimidazole
4-(3,5-di-tert-butyl-4- 25 3 —122 + 46*
hydroxyphenyl)-5-methyl-
imidazole

Dose

(mg/ Day 16~
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TABLE I-continued

(Therapeutic effect)

(Therapeutic effect)

2-0x0-4-imidazoline

kg/ Day 28
day AFT 5
Drugs PO) N (10‘2 mm)

- 0.5% MC — 6 148 =+ 37
Indomethacin 2 6 —204 3300
4-(3,5-di-tert-butyl-4- 25 3 =57 &+ 26+
hydroxyphenyl)-2-mercapto-
thiazole 10
4-(3,5-di-tert-butyl-4- 25 3 —166 & 59%«*
hydroxyphenyl)-2-methylthio-
thiazole
4-(3,5-di-tert-butyl-4- 25 3 247 4 499
hydroxyphenyl)-5-ethyl-
2-0x0-4-imidazoline 15
4-(3,5-di-tert-butyl-4- 25 3 —103 £ 71+
hydroxyphenyl)-5-ethyl-
imidazole
0.5% MC — 3 210 £ 91
Indomethacin 2 3 —177 £ 41
6-(3,5-di-tert-butyl-4- 25 3 —16x27 20
hydroxyphenyl)-5-methyl-
2,3-dihydroimidazo[2,1-b]-
thiazole
6-(3,5-di-tert-butyl-4- 25 3 =245 & 5700
hydroxyphenyl)-2,3-dihydro-
imidazof2,1-b]thiazole 1-
oxide 25
6-(3,5-di-tert-butyl-4- 25 3 —141 + 60%*
hydroxyphenyl)-2,3-dihydro-
imidazo[2,1-b]thiazole 1,1-dioxide

Dose
{mg/ Day 15- 30
kg/ Day 28
day AFT
Drugs P.O) N (10-2mm)
0.5% MC — 3 96 1+ 162
Indomethacin 2 3 —161 + 137*
4-(3,5-di-tert-butyl- 25 3 —180 =% 241* 35
4-hydroxyphenyl)-5-
ethyl-2-methylthio-
imidazole
Dose
(mg/ Day 17-
kg/ Day 27 40
day AFT
Drugs P.O) N (10-2mm)
0.5% MC — 3 181 £ 7
Indomethacin 2 3 225 £ 61%=
Diclofenac HCI 2 3 —83 % 49* 45
6-(3,5-di-tert-butyl- 25 3 —177 & 36%e»
4-hydroxyphenyl)-2,3-dihydro-
imidazo[2, 1-b]thiazole
Dose Day 15~
(mg/ Day 29
kg/ AFT 50
day a1 %)
Drugs P.O) N (10-2mm)
0.5% MC — 6 280 + 54
Indomethacin 1 6 —243 + 16°**
(69.1)
2 6 —260 & 24%es 55
(73.7)
4-(3,5-di-tert-butyl-4- 625 6 67 =+ 48%%
hydroxyphenyl)-5-methyl- (30.8)
2-oxo-4-imidazoline
4-(3,5-di-tert-butyl-4- 125 6 114 & 33792
hydroxyphenyl)-5-methyl- (53.9)
2-0x0-4-imidazoline
4-(3,5-di-tert-butyl-4- 25 6 -—194 £ 3622
hydroxyphenyl)-5-methyl- (66.7)
2-0x0-4-imidazoline
4-(3,5-di-tert-butyl-4- 625 6 —19 = 39%es
hydroxyph.enyl)-s-ethyl- (41.3) 65
2-0x0-4-imidazoline
4-(3,5-di-tert-butyl-4- 12.5 6 —176 & 27%2*
hydroxyphenyl)-5-ethyl- (63.1)

4-(3,5-di-tert-butyl-4- 25 6 —127 £ 38ue=
hydroxyphenyl)-5-ethyl- (54.0)
2-ox0-4-imidazoline

\

Significant difference from control (t-test)

*P < 0.05
**P < 0.01
*ep < 0.001
TABLE II
(Prophylactic effect)

Dose

(mg/

kg/

day Day 21
Drugs P.O) N FTp1% FTrl%
Indomethacin 1 8 64.6 81.8
" 2 8 59.5 76.9
4-(3,5-di-tert-butyl-4- 25 8 53.1 65.8
hydroxyphenyl)-5-methyl-2-
methylthioimidazole
4-(3,5-di-tert-butyl-4- 25 8 68.1 81.3
hydroxyphenyl)-5-methyl-
imidazole
Indomethacin 1 8 63.6 68.1
" 2 8 63.9 98.0
4-(3,5-di-tert-butyl-4- 6.25 8 38.0 1.7

hydroxyphenyl)-5-methyl-

2-oxo-imidazoline

4-(3,5-di-tert-butyl-4- 12.5 8 30.3 61.6
hydroxyphenyl)-5-methyl-

2-oxo-imidazoline

4-(3,5-di-tert-butyl-4- 25 8 64.4 90.9
hydroxyphenyl)-5-methyl-

2-oxo-imidazoline

4-(3,5-di-tert-butyl- 6.25 8 11.6 35.8
4-hydroxyphenyl)-5-ethyl-

2-oxo-4-imidazoline

4-(3,5-di-tert-butyl- 12.5 8 26.3 47.2
4-hydroxyphenyl)-5-ethyl-

2-0x0-4-imidazoline

4-(3,5-di-tert-butyl- 25 8 60.1 70.1
4-hydroxyphenyl)-5-ethyl-

2-0x0-4-imidazoline

As the above-described therapeutic and prohylactic
test results to adjuvant-induced arthritis, it is clear that
the compounds of this invention shown by formula I
possess remarkable therapeutic and prohylactic effects
to adjuvant-induced arthritis.

EXAMPLE 1

A mixture of 2.4 g of N-(2-phenylethyl)-thiourea, 5 g
of 4-(2-bromoacetyl)-2,6-di-tert-butylphenol, and 25 ml
of absolute ethanol was refluxed for 3 hours and then
cooled. The precipitates thus formed were recovered
by filtration and recrystallized from ethanol to provide
25 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(a-
phenethylamino)thiazole hydrobromide.

Meliing point: 228°-230° C.

Elemental analysis for C7sH33N7OSBr:

C (%) H (%) N (%)
Calculated: 61.34 6.79 572
" Found: 61.65 6.96 5.63
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EXAMPLE 2
CCHa)3 5
C(CH3)3
NHZ OH
o“"‘%k
| CH;  C(CHy; 10
BrCHCHj C(CHy)s

A mixture of 4.5 g of formamide and 2.25 g of 4-(2-
bromopropionyl)-2,6-di-tert-butylphenol was heated to
150° C. for 1.5 hours. The reaction mixture was poured
into water after cooling and then extracted twice each
time with 30 ml of toluene. The extract was dried over
anhydrous magnesium sulfate and concentrated under 2
reduced pressure and the residue was recrystallized
from aqueous methanol to provide 1.1 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-methyloxazole.

15

25
Melting point: 105°-107° C.
Elemental analysis for C1sHsNO3:
C (%) H (%) N (%) 30
Calculated: 75.23 8.77 4.87
Found: 75.07 8.91 4.68
35
EXAMPLE 3
C(CH3)3
C(CH3)3 40
NH, OH
N
oc OH%L
s CH; C(CH3)3
BrCHCH3 45
C(CH3)3

A mixture of 0.7 g of thioformamide, 3.4 g of 4-(2-
bromopropionyl)-2,6-di-tert-butylphenol, and 15 ml of
absolute ethanol was heated to 50°-60° C. for 2-3 hours.
After cooling, the reaction mixture poured into a di-
luted aqueous solution of potassium carbonate. The
precipitates thus formed were recovered by filtration
and recrystallized from a mixture of cyclohexane and
hexane to provide 1.2 g of 4-(3,5-di-tert-butyl-4-hydrox-
yphenyl)-5-methylthiazole.

Melting point: 128°~130° C.

50

55

Elemental analysis for C1gH>sNOS:
C (%) H (%)

71.24 8.30
71.39 8.53

N (%)

4.62
4.38

Calculated:
Found:

18
EXAMPLE 4

NH
C(CHa)3 1 Ha

CH,SC=NH

ocC OH

g
>

BrCH
2 C(CHy);

C(CH3)3

OH and
Cst—l\ .

C(CH3)3
(@)

C(CH3)3

OH
CHzS—l\

C(CH3)3

CH,CO OH

C(CH3)3
®

A mixture of 4 g of benzylthioformamidine hydro-
chloride, 6.4 g of 4-(2-bromoacetyl)-2,6-di-tert-butyl-
phenol, 20 ml of chloroform, and 48 m] of 84% aqueous
ethanol was vigorously stirred and then 6.6 g of sodium
hydrogen carbonate was added to the mixture at room
temperature. Thereafter, the resultant mixture was re-
fluxed for 3 hours. The reaction mixture thus obtained
was poured into water and extracted twice each time
with 100 ml of benzene. The extract was dried and then
concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography and by
eluting with chloroform, two fractions were obtained.
Each fraction was concentrated and recrystallized from
cyclohexane to provide 1.2 g of (a) 2-benzylthio-4-(3,5-
di-tert-butyl-4-hydroxyphenyl)imidazole and 0.6 g of
®) 2-benzylthio-1-(3,5-di-tert-butyl-4-hydroxy-
phenacyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl-
)imidazole respectively.

(a) Melting point: 92°-94° C.

Elemental analysis for Co4H3oN2OS + 3 CeHjp:

C (%) H (%) N (%)
Calculated: 74.21 8.25 6.41
Found: 73.83 843 6.36

(b) Melting point: 99°-102° C.
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-continued
Elemental analysis for C4oHsN»01S: Elemental analysis for Co4H39N207S.4C¢Hy):
C (%) H (%) N (%) C (%) H (%) N (%)
Calculated: 74.96 8.18 437 5 Found: 71.48 8.16 6.19
Found: - 74,78 8.58 4.05
EXAMPLE 6
C(CH3)3
C(CH3)3
NHCHy C(CHy)3
ocC onOCNK_, FN HN
C7HsOH. )\ OH—A
C—HCl ¢ N ! v‘ﬂo)\\ OH =
HCI C(CHs)s H N
C(CH3)3
; C(CHz3)3
i

C(CH3)3

N

AL oH
HO N
H
C(CHa)3
30
EXAMPLE 5 To a mixed solution of 1.2 g of 4-(2-aminoacetyl)-2,6-
COOOH

C(CH3)3

C(CHa)3

OH —————>
CHZS—l\ CHzS—I\

C(CH3)3

In 10 ml of chloroform was dissolved 0.8 g of 2-ben- 50

zylthio-4-(3,5-di-tert-butyl-4-hydroxyphenyl)imidazole
and then 0.35 g of m-chloroperbenzoic acid was added
to the solution at room temperature. After the reaction
was over, the reaction mixture was washed with a di-
luted aqueous alkali solution, dried, and concentrated
under reduced pressure. The residue formed was sub-
jected to silica gel chromatography and eluted with
chloroform. The fraction thus obtained was concen-
trated udner reduced pressure and the residue was re-
crystallized from cyclohexane to provide 0.3 g of 2-ben- 60
zylsulfinyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl-
)imidazole.
Melting point: 189°~191° C,

55

65
El al analysis for Cp4H30N2078.4CgHj2:
C (%) H (%) N (%)
Calculated: 71.59 7.95 6.19

C(CH3)3

di-tert-butylphenol hydrochloride, 10 ml of ethanol,
and 0.3 ml of concentrated hydrochloric acid was
added a solution of 0.64 g of potassium isocyanate in 3
ml of water at room temperature. After stirring the
mixture for 2 hours, 0.3 ml of concenirated hydrochlo-
ric acid was added thereto and the resultant mixture
was refluxed for 2 hours. The reaction mixture thus
obtained was poured into water and the precipitates
formed were recovered by filtration. The reaction
product was then recrystallized from aqueous ethanol
to provide 0.5 g of 4-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-2-oxo-4-imidazoline.
Melting point: above 260° C. (decompd.)

El al analysis for C17H4N>Oy. 3 CoHsOH:
C (%) H (%) N (%)
Calculated: 69.37 - 8.68 8.99
Found: 69.08 9.04 3.84

EXAMPLE 7
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C(CHa)3
NH;CHCH3 C(CHs
BN — 1 o, CCH”
oc oH-QCNK HN ——— y
o A
N SN OH =
HCl C(CHy;s H N
C(CHz3)3 C(CHy)
| I 3)3
C(CH
CH; (CHa)3
N
J'\ OH
HO N
H
C(CHz3)3

By following the same procedure as in Example 6
using 1.6 g of 4-(2-aminopropionyl)-2,6-di-tert-butyl-4- 20
hydroxyphenol hydrochloride, 20 ml of ethanol, 0.5 ml
of concentrated hydrochloric acid, 0.8 g of potassium
isocyanate, a reaction product thus obtained was recrys-
tallized from aqueous isopropanol to provide 0.7 g of

and 1.2 ml of concentrated hydrochloric acid was
added a solution of 2.2 g of sodium thiocyanate in 4 ml
of water at room temperature. After stirring the mixture
for 1.5 hours at room temperature and further refluxing
the mixture for 2 hours, the solvent was distilled off
under reduced pressure. Then, 30 ml of acetic acid was

4-(3.5-di-tert-butyl-4-hydroxyphenyl)-5-methyl-2-oxo- 25 added to the residue and the mixture was refluxed for
4-imidazoline. 2-3 hours. The reaction mixture thus formed was
Melting point: above 270° C. (decompd.) poured into water and the precipitates formed were
recovered by filtration. The product was recryshtallized
- - from isopropanol to provide 3.1 g of 4-(3,5-di-tert-butyl-
Elemental analysis for C1sHpeNz0p: 30 4-hydroxyphenyl)-5-methyl-2-thioxo-4-imidazoline.
) __H@) N %) Melting point: 288°~290° C.
Calculated: 71.49 8.67 9.26
Found: 71.47 8.82 9.22
El al analysis for C1gH¢N,0OS + (CH3);CHOH:
This product was recrystallized from aqueous etha- 35 C %) H (%) N (%)
nol to provide the pure product having a melting point Calculated: 66.63 9.05 7.40
of 279°-282° C. Found: 66.51 9.14 7.43
EXAMPLE 8
C(CH.
H;NCHCH;3 (CHa)s C(CH)s
N — o CCHS
oc on-SChNa >, HN 0
P OH@
S N S OH =
HC1 O(CH3)3 H HS N
C(CH3)3
(| C(CH3)3
C(CH3)3
N /CH3
I
OH
s -
H
C(CH3)3
To a mixed solution of 4.3 g of 4-(2-aminopropionyl)- EXAMPLE 9
2,6-di-tert-butylphenol hydrochloride, 50 ml of ethanol,
C(CH3);
C(CH3)
HoNCH; o » C(CH:)3
oc op-SCNNa >, HN
OH#
§ N )% - OH =
HCl C(CHs)3 H HS N
C(CHa)3
C(CH3)3
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-continued

The precipitates obtained by following the same pro-

24
. C(CH3)3
N
A oH
HS N
H
C(CH3)3

Elemental analysis for C1gHygN70S:

cedure as in Example 8 using 18 g of 4-(2-aminoacetyl)- C (%) H (%) N (%)
2,6-di-tert-butylphenol hydrochloride, 150 ml of etha- 15 Calculated: 67.89 8.23 8.80
nol, and 5 ml of concentrated hydrochloric acid were Found: 67.62 8.36 8.70
subjected to silica gel chromatography and eluted with
chloroform. The fraction thus obtained was concen-
trated under reduced pressure and the residue was re- EXAMPLE 11
crystallized from benzenecyclohexane to provide 12 g 2
of  4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-thioxo-4- G(CH3)3
imidazoline. HN CH;
Melting point: 168°-170° C. CH3l
NN on-—2>
Elemental analysis for C;7H24N20S + § CeHja: 25 H
C (%) H (%) N (%) C(CH3)3
- R
30
EXAMPLE 10 ": OoH
C(CHy)3 SN O eeny,
HN 35
AN oH—2L s, i, C(CHD
N HN
H
C(CH3)3 = cn;s)* N OH
C(CHa);
C(CH3)3
I\: o By following the same procedure as in Example 10
)\ 45 using 0.32 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
CH,S g C(CH3)3 methyl-2-thioxo-4-imidazoline, 10 ml of dry acetone,
0.15 g of potassium carbonate, and 0.15 g of methyl
iodide and recrystallizing the product from cyclohex-
C(CH3)3 ane, 0.1 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
HN 50 methyl-2-methylthioimidazole was obtained,
_ )\ oH Melting point: 184°-186° C.
= s
CH;3S N
Elemental analysis for CjoH28N»0S:
C(CHy);3 55 C (%) H (%) N (%)
Calculated: 68.63 8.49 8.43
To a mixture of 3.18 g of 4-(3,5-di-tert-butyl-4- Found: 68.42 8.74 8.40
hydroxyphenyl)-2-thioxo-4-imidazoline, 50 ml of dry
acetone, and 1.3 g of potassium carbonate was added 1.4
g of methyl iodide at room temperature. Afier stirring 60 EXAMPLE 12
the mixture for one hour, the solvent was distilled off.
To the residue thus formed was added water, and the C(CH3)3
precipitate formed were recovered by filtration and
dried to provide 2 g of the product. Then, 0.8 g of the
product was recrystallized from toluene to provide 0.5 65 N OH
g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methylthi- )l\ —_—
oimidazole. CH3S N
Melting point: 249°-251° C. H C(CHy)s
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-continued -continued
C(CH3)3
C(CH3)3
5 N OH
N OH )l\
PR CH3S0; N CH3 (CHy,
CH3SO H
’ 3 C(CH3)3
10

To a solution of 0.32 g of 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-2-methylthioimidazole in 5 ml of chlo-
roform was added 0.18 g of m-chloroperbenzoic acid at
room temperature and the mixture was stirred for a day.
The reaction mixture was washed with a diluted alkali
solution, dried, concentrated under reduced pressure,
and the residue thus formed was recrystallized from
cyclohexane to provide 0.13 g of 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-2-methylsulfinylimidazole.

Melting point: 106°~108° C.

Mass spectrum: M+ 334

Nuclear magnetic resonance spectra (in CDCl3):
o(ppm): 1.48 (S; 18H), 3.1 (S; 3H); 5.3 (S; 1H), 7.32 (S;
1H), 7.44 (S; 2H).

EXAMPLE 13
C(CHa)s
PR
oSN C(CH3)s
C(CH3)3
N OH
A
CH
.. CiCHy

In 10 ml of 1,2-dimethoxyethane was dissolved 0.62 g
of  4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methylthi-
‘oimidazole and after adding thereto 0.44 g of m-
chloroperbenzoic acid, the mixture was refluxed for 3-4
hours. The reaction mixture was cooled, washed with a
diluted alkali solution, dried, and concentrated under
reduced pressure. The residue thus formed was recrys-
tallized from cyclohexane to provide 0.5 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-methylsul-
fonylimidazole.

Melting point: 119°-120° C.

Mass spectrum: M+ 350

Nuclear magnetic resonance spectra (in CDCls):
o(ppm): 1.4 (S, 18H), 3.06 (S, 3H), 5.06 (S, 1H), 7.3 (S,
1H), 7.3 (S, 1H), 7.48 (S, 2H). EXAMPLE 14

C(CH3)3

OH ——>

CH3S CH;

oz

C(CH3)3

20

25

30

35

45

50

55

60

65

By following the same procedure as in Example 13
using 0.9 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
methyl-2-methylthioimidazole, 10 ml of 1,2-dimethox-
yethane, and 0.64 g of m-chloroperbenzoic acid and
recrystallizing the product from toluene, 0.3 g of 4-(3,5-
di-tert-butyl-4-hydroxyphenyl)-5-methyl-2-methylsul-
fonylimidazole was obtained.

Melting point: 235°-237° C.

Elemental analysis for CjoHygN»O3S:

C (%) H (%) N (%)
Calculated: 62.61 1.74 7.69
Found: 62.91 8.01 71.25
EXAMPLE 15
C(CH3)3
HN CH;
A '
S/ N oH C2HsOOCCHBr
H
C(CH3)3
C(CH3)3
OH
N
CHj I
C;H500CCHS N C(CH3)3
H
C(CH3)3
HN e
CH3
] )% 7~ OH
= CoHs00CCHS N
C(CH3)3

By following the same procedure as in Example 10
using 1.8 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
thioxo-4-imidazoline, 30 ml of dry acetone, 0.99 g of
potassium carbonate, and 1.3 g of ethyl a-bromopro-
pionate and recrystallizing the product from a mixture
of toluene and cyclohexane, 0.95 g of ethyl 2-[4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-imidazolylthio]propion-
ate was obtained.

Melting point: 80°-82° C.

Elemental analysis for CypH3aN203S:

C (%) H (%) N (%)
Calculated: 65.31 7.97 6.92
Found: 65.58 8.19 6.63
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EXAMPLE 16
HyNCH, C(CH3)3 .
SCNCH
ocC OH —C3—>
HCI
C(CH:
(CH3)3 10
C(CH3);
N
A oH
HSOON 15
CH3
C(CH3)3
After stirring a mixture of 100 ml of pyridine, 6 g of

methyl isothiocyanate, and 3 g of 4-(2-aminoacetyl)-2,6- 20
di-tert-butylphenol hydrochloride at room temperature
for 2 hours, the resulted mixture was maintained at an
inside temperature of 80°-90° C. for 1.5 hours. The
reaction mixture was concentrated udner reduced pres-

sure and then the residue was extracted with 100 ml of 25
ethyl acetate. The extract was washed with diluted
hydrochloric acid, dried, and concentrated under re-
duced pressure. The residue was recrystallized from
-zethanol to provide 0.6 g of 5-(3,5-di-tert-butyl-4-

- hydroxyphenyl)-2-mercapto-1-methylimidazole. 30

Melting poini: 288°-289° C.

Nuclear magnetic resonance spectra (in CDCls):
8(ppm): 1.4 (S, 18H), 3.54 (S, 3H), 5,38 (S, 1H), 6,64 (S,
1H), 7.08 (S, 2H).

Mass spectrum: M+ 318

35
EXAMPLE 17
HN CHy oy
40
‘54k N OH ———>
H
C(CH3)3
45
C(CH3)3
OH
I\: 50
k N CH3 C(CHs)3
H
HN CHs  c(cHyy 55
k N OH
60
C(CH3)3

A mixture of 1.5 g of 4-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-5-methyl-2-thioxo-4-imidazoline, 0.5 g of a
Raney nickel catalyst, and 50 ml of absolute ethanol was 65
refluxed for one hour and after filtering the reaction
mixture, the filtraie was concentrated under reduced
pressure. The residue was recrystallized from a mixture

28
of cyclohexane and n-hexane to provide 1 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-methylimidazole.
Melting point: 207°-209° C.

Elemental Analysis for CjgHy¢N30:
C (%) H (%) N (%)
Calculated: 75.48 9.15 9.78
Found: 75.31 9.40 9.53
EXAMPLE 18
C(CH3)3
N CH3l
)I\ oH ——>
HS N
éH3 C(CH3)3
C(CH3)3
N
)I\ OH .HI
CH3S N
|
CH3 C(CH3)3

To a solution of 0.6 g of potassium hydroxide dis-
solved in 10 ml of ethanol was added 1.6 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-mercapto-1-
methylimidazole at a temperature below 10° C. and the
mixture was stirred for 20 minutes. Thereafter, 0.7 g of
methyl iodide was added to the mixture and after fur-
ther stirring the mixture for 3 hours at 10° C,, the re-
sulted mixture was poured into diluted hydrochloric
acid and extracted twice each time with 50 ml of ethyl
acetate. The extract was dried, concentrated under
reduced pressure, and then the residue was recrystal-
lized from isopropanol to provide 0.75 g of 5-(3,5-di-
tert-butyl-4-hydroxyphenyl)-1-methyl-2-methylthi-
oimidazole hydroiodide.

Melting point: 215°-217° C.

El al analysis for C19H9N70OSI:
C (%) H (%) N (%)
Calculated: 49.57 6.30 6.08
Found: 49.48 6.33 5.96

Mass spectrum: M+ 332

EXAMPLE 19
C(CH3)s ‘
CHOH
ocl: OH —m———
al
C(CH3)3
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29

-continued

co
C(CH3)3

| CH3COONH4

CH-—-0—C OH ———ﬁ
C(CH3)3
C(CH3)3
OH

C(CH3);

&

In 10 ml of pyridine was dissolved 2.1 g of benzoin
and after adding thereto 2.7 g of 3,5-di-tert-butyl-4-
hydroxybenzoyl chloride, the mixture was stirred for 15
hours. The reaction mixture was poured into water and
extracted with ethyl acetate. The extract was washed
with diluted hydrochloric acid, dried, and then the
solvent was distilled off. The crystals thus formed were
purified by silica gel column chromatography using
chloroform as the eluent to provide 1.7 g of 3,5-di-tert-
butyl-4-hydroxybenzoic acid benzoin ester. Then, 1.5 g
of the ester was dissolved in 25 ml of acetic acid and
after adding 3 g of ammonium acetate to the solution,
the mixture was refluxed for one hour. To the reaction
mixture was added 20 ml of water and the crystals thus
precipitated wre recovered by filtration and recrystal-
lized from ethanol to provide 1.0 g of 2-(3,5-di-tert-
butyl-4-hydroxyphenyl)-4,5-diphenyloxazole.

Melting point: 185°-186° C.

Elemental analysis for CooH31NOy:

Cc %) H (%) N (%)
Calculated: 81.85 7.34 3.29
Found: 81.64 7.58 324
EXAMPLE 20
cngo—@-co.
C(CH3)3 l
CH30 co
— o
OIC OH CH;COONH; >
H
C(CH3)3
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30

-continued

CH3O Q
CHJO Q

In 20 ml of acetic acid was dissolved 1.4 g of p-anisil
after adding thereto 1.2 g of 3,5-di-tert-butyl-4-hydrox-
ybenzaldehyde and 5 g of ammonium acetate, the mix-
ture was refluxed for one hour. To the reaction mixture
was added 10 ml of water and the crystals thus precipi-
tated were recovered by filtration and dissolved in 30
ml of chloroform. After washing the chloroform solu-
tion with diluted aqueous ammonia, the solvent was
distilled off. The crystals thus obtained were washed
with water and then methanol, treated with hydrogen
chloride-containing methanol, and recrystallized from a
mixture of methanol and ether to provide 1.4 g of 2-(3,5-
di-tert-butyl-4-hydroxyphenyl)-4,5-bis(p-methoxy-
phenyl)imidazole hydrochloride.

Melting point: 292°-295° C.

C(CHz3)3

OH .HCl]
N
H

C(CH3)3

El al Analysis for C31H37N203Cl:
C (%) H (%) N (%)
Calculated: 71.45 7.16 5.35
Found: 71.08 7.23 5.38
EXAMPLE 21
co
C(CH3)3
co
°F OH —FHCooni =
H
C(CH3)3
Q C(CH3)3
N
L OH
N
H
C(CHa)3

By following the same procedure as in Example 20
using 1.05 g of benzil, 1.8 g of 2-(3,5-di-tert-butyl-4-
hydroxyphenyl)-4,5-diphenylimidazole hydrochloride
was obtained. :

Melting point: above 300° C.

Elemental analysis for C30H33N20Ck:
C (%) H (%)
75.55 7.21

N (%)
6.08

Calculated:
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31
-continued
Elemental analysis for CooH33N>0CI:
C (%) H (%) N (%)
Found: 75.38 132 6.07 5
EXAMPLE 22

In 60 ml of ethanol was suspended 10 g of ammonium
amidodithiocarbonate and 15 g of a-bromo-3,5-di-tert-
butyl-4-hydroxyacetophenone was added portionwise
to the suspension under stirring at 0°-5° C. Then, after
stirring the mixture overnight at room temperature, 200
ml of water was added to the reaction mixture and the
product was extracted with benzene. The extract was
concentrated and the residue was dissolved in 50 ml of
acetic acid and refluxed for 4 hours. To the reaction
mixture were added 150 ml of water and 50 ml of ethyl
acetate and then the mixture was stirred. The crystals
thus precipitated were recovered by filtration and re-
crystallized from dioxane to provide 9.5 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-mercaptothiazole as the
1 dioxane addition product thereof.

Melting point: 285°-288° C.

15

20

25
Elemental analysis for CjoH770 NS»:
C (%) H (%) N (%)
Calculated: 62.43 7.44 3.83
Found: 62.31 7.47 3.96 30
C(CH3)3
35
oc OH W cssnm =
BrCH;
C(CH3)3
C(CH3)3
N OH
S C(CH3);
EXAMPLE 23
50
C(CH3)3
’ CH3il
N OH _3%
A g
HS
5 C(CHa)3

CH3S S

C(CHa)3

65
In 30 ml of methanol was dissolved 0.18 g of metallic
sodium and after adding thereto 2.1 g of 4-(3,5-di-tert-
butyl-4-hydroxyphenyl)-2-mercaptothiazole, 1.15 g of

32
methyl iodide was added dropwise to the solution at
0°-5° C. After allowing to stand the mixture for 30
minutes at room temperature, 60 ml of iced water was
added to the reaction mixture. The crystals thus precipi-
tated were recovered by filtration and recrystallized
from n-hexane to provide 1.6 g of 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-2-methylthiothiazole.
Melting point: 92°-93° C.

El 1 analysis for C1gHysNOS»:
C(%) H(@®%) N@%) S (%)
Calculated: 64.44 7.51 4.17 19.11
Found: 64.36 7.69 4.23 19.28
EXAMPLE 24
C(CH3)3
N OH —>
|
CH3S
s C(CH3);
C(CH3)3
N OH
|
CH30:S
S C(CHy);3

In 30 ml of chloroform was dissolved 0.8 g of 4-(3,5-
di-tert-butyl-4-hydroxyphenyl)-2-methylthiothiazole
and then 1.5 g of m-chloroperbenzoic acid was added
portionwise to the solution with' stirring. After one
hour, the reaction mixture was washed with a 5% so-
dium hydrogen carbonate solution, and the chloroform

40 layer was concentrated. The crystals obtained were

recrystallized from methanol to provide 0.55 g of 3,5-di-
tert-butyl-4-hydroxyphenyl-2-methylsulfonylthiazole.
Melting point: 183°-184° C.

Elemental analysis for CigHsNO3S):

C (%) H (%) N (%) S (%)
Calculated: 58.83 6.86 3.81 1745
Found: 58.72 7.00 3.69 17.66
EXAMPLE 25
C(CH3)3
CH,;BrCOOH
N OH -——9
S C(CHa);
C(CHz3)3
N OH
PR
HOOCCH>S
s C(CHy)3
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To 20 m! of benzene were added 0.64 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-mercaptothiazole  and
0.32 g of bromoacetic acid and then 0.5 g of triethylam-
ine was added dropwise to the mixture with stirring.
After one hour, triethylamine hydrobromide thus pre-
cipitated was filtered off and the benzene solution was
extracted with 10 ml of a 2% sodium hydroxide solu-
tion. The aqueous extract was acidified by the addition
of hydrochloric acid and extracted with ether. The
ether solution was dried over anhydrous sodium sulfate
and concentrated. The crystals thus obtained were re-
crystallized from benzene to provide 0.52 g of [4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-thiazolylthio]acetic acid.
Melting point: 158°-159° C.

El al analysis for C1oH25NO3Sy:
C% H® N@%) S (%)
Calculated: 60.13 6.64 3.69 16.89
Found: 60.06 6.62 3.77 16.69
EXAMPLE 26
HyNCHC,H;5 C(CH3)3
ocC oy -KNCO >
HC
' C(CH3)3
HN CH
2 SC(CH ) HN C3Hs
3)3
//l\ N )§ C(CH3)3
o N
OHe—>
H <==HO OH =
C(CH3)3
s C(CH3);
N CoHs
I C(CH3)3
N
HO OH
C(CH3);

By following the same procedure as in Example 6
using 3.3 g of 2-amino-1-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-1-butanone hydrochloride, 1.62 g of potassium
isocyanate, and 1.6 ml of concentrated hydrochloric
acid and recrystallizing the reaction product from aque-
ous isopropanol, 1.6 g of 4-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-5-ethyl-2-0x0-4-imidazoline was obtained.

Melting point: 267°-270° C.

Elemental analysis for C1oHgN0,:

C (%) H (%) N (%)
Calculated: 72.12 8.92 8.85
Found: 71.83 9.17 8.62
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EXAMPLE 27

CHj
H;NCHCH
AN

CH3
C(CHz3)3

H KNCO S

C(CH3)3

OC:
HCl

CH;3
CH
CHj3

HN
C(CH3)3 H3
C(CH3)3
OH-AHO N
OH =
C(CHz)3

C(CH3)3

H3

~

T Z

Hj

N
| H3
N C(CH3)3
H
OH

C(CH3)3

HO

By following the same procedure as in Example 6
using 1.7 g of 2-amino-1-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-3-methyl-1-butanone hydrochloride, 0.8 g of
potassium isocyanate, and 1 ml of concentrated hydro-
chloric acid and recrystallizing the reaction product
from aqueous isopropanol, 0.35 g of 4-(3,5-di-tert-butyl-
4-hydroxyphenyl)-5-isopropyl-2-0x0-4-imidazoline was
obtained.

Melting point: above 290° C. (decompd.)

Elemental analysis for CoH3gN209:
C(%) H (%) N (%)
Calculated: 72.69 9.15 8.48
Found: 72.37 9.26 8.47
EXAMPLE 28
H;NCHC;Hs C(CH3)3
ocC OH NaSCN ;
HC1
C(CH3)3
HN CH
I\ 2 N HN CyH5
C(CH3)3
C(CH
S// N )\\ N (CH3)3
H OH-AHS Q OH =
C(CH3)3

C(CH3)3
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35
-continued
N CaHs
| C(CH3)3
N
HS g OH
C(CH3)3

By following the same procedure as in Example 8
using 13.1 g of 2-amino-1-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-1-butanone hydrochloride, 6.5 g of sodium
thiocyanate, 3.4 m! of concentrated, and 100 ml of
acetic acid and recrystallizing the reaction product
from isopropanol, 6 g of 4-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-5-ethyl-2-thioxo-4-imidazoline was obtained.

Melting point: 279°-281° C.

Elemental analysis for CioH2aN70S + (CH3);CHOH:
C (%) H (%) N (%)
Calculated: 67.31 9.24 7.14
Found: 67.17 9.36 7.29
EXAMPLE 29
CH3
/7
HoNCHCH
AN
CHj3
C(CH3)3
— op-NaSCN_~
C(CH3)3
CHj3
CH/ CH
3
HN \ /
|\ CH;3 CH
7~ N C(CH3)3 CH;
S H = C(CH3)
303
OHg=ps N
OH =
C(CH3)3
C(CH3)3
CHj3
/7
CH
N
)|\ CH;3
C(CH3)3
N
HS H
OH
C(CH3)3

By following the same procedure as in Example 8
using 3.4 g of 2-amino-1-(3,5-di-teri-butyl-4-hydroxy-
phenyl)-3-methyl-i-butanone hydrochloride, 1.6 g of
sodium thiocyanate, 1 ml of concentrated hydrochloric
acid, and 31 ml of acetic acid and- recrystallizing the
reaction product from water-containing isopropanol,
0.8 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-isopro-
pyl-2-thioxo-4-imidazoline was obtained.

Melting point: above 300° C. (decomp.)

36
Elemental analysis for CooH3gN20S:
C (%) H (%) N (%)
5 Calculated: 69.32 8.73 8.08
Found 69.18 8.95 7.74
EXAMPLE 30
10
‘j\ s ocnyy
S N
H OH —>
15
C(CHa)3
N CHs ey,
20 L
N
H OH
25 C(CH3)3

By following the same procedure as in Example 17
using 2 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
ethyl-2-thioxo-4-imidazoline, 50 ml of absolute ethanol,

30 and 1 g of a Raney nickel catalyst and recrystallizing
the reaction product from toluene, 0.9 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-ethylimidazole was ob-
tained. .

Melting point: 200°-201° C.
Elemental analysis for CioH2sN>O + 3 CoHg:
C (%) H (%) N (%)
Calculated: 77.99 9.31 8.08
40 Found: 7172 9.53 8.13
EXAMPLE 31
45 NH,CHCH;CH(CH3);
C(CH3)3
e e C?g(%'
: C—HCl
50 C(CHj)3
CHZCH(CH3)2 CH2CH(CH3)2
HN cchyy C(CHa);
55 0// }1\; OHéOH N OH =
C(CH3)3 a C(CH3)3
N - CH,CH(CH3)
60 )I\ C(CH3)3
o S
C(CH3)3
65

By following the same procedure as in Example 6,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-isobutyl-2-0xo-
4-imidazoline was produced.
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Melting point: 286°-289° C. (benzene-hexane)

EXAMPLE 35
- Compound: 4-(3,5-di-tert-butyl-4~hydroxyphenyl)-S-
Llemental analysis for C HyN205: ethyl-2-ethylthioimidazole. (@ =CH;CH;,
C %) H (%) N (%) 5 ay =CH,CHj)
Calculated: 1322 9.36 8.13 Melting point: 226°-228° C. (toluene)
Found: 73.43 9.57 8.18
. El al analysis for C1H3;:N»0S:
EXAMPLES 32-38 C (%) H (%) N (%)
C(CHs)3
“"L C(CHy)s j\ o i C(CH3)3
s OH -’—9—1 @=s N ay C(CH3s| = @E@—s SN OH
H H .
C(CHa)3 - C(CH3)3

By following the same procedure as in Example 10,

the following compounds were produced.
EXAMPLE 32 % Calculated: 69.96 8.95 1.74

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2- Found: 7018 897 7.63
ethylthio-5-methylimidazole. ( =CHj3,
=CH;CH3)

Melting point: 245°-250° C. (toluene) 30 EXAMPLE 36

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
ethyl-2-isopropylthioimidazole.

Elemental analysis for CooH30N,0S:
C (%) H (%) N (%) S (%)

CHj3
Caiculated: 69.32 8.73 8.08 9.25 35 ) /
Found: 69.38 8.70 8.00 9.47 ((@1)) = CHCH3, (3) = CH\ )
CH;3
EXAMPLE 33

Melting point: 247°--248° C. (toluene)
Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2- 49
isopropylthio-5-methylimidazole.

Elemental analysis for Co;H34N,08:

cH C (%) H (%) N (%)
Pan Calculated: 70.54 9.15 7.48
(@)= CHs, @)= CH\ ) 45 Found: 70.32 9.27 7.37
CH;3
EXAMPLE 37

Melting point: 250°-258° C. (toluene)
Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
50 isopropyl-2-methylthioimidazole.

Elemental analysis for C1H3,N,OS:
C (%) H (%) N (%) S (%)

CH
Calculated:  69.96 8.95 7277 - 8.89 a
Found: 69.74 9.02 7.61 8.63 (@ = CH\ » (82 = CH3)
55 CH3
EXAMPLE 34 Melting point: 222°~223° C. (ethyl acetate hexane)
Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
eégﬂ-z(-:ul}let)hy}thbimidude. ‘ ( @ =CHCH;, El tal analysis for C31H3,N-0S:
=CHj3 60 y :
Melting poini: 210°-211° C. (toluene) C&®) H %) N (%)
Calculated: 69.96 8.95 7.7
. Found: 69.78 9,01 7.65
Elemental analysis for CzoH30N,08:
C (%) H (%) N (%) 65
Calculated: 69.32 8.73 8.08 EXAMPLE 38
Found: 69.05 " 8.68 7.48

Compound: 4-(3,5-di-tert-butyl-4-hydroxypheny})-5-
isobutyl-2-methylthicimidazole.
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39 40
EXAMPLE 40
/CH3
= CH,CH , (@)= CHy)
@ N ’ H;NCHCH3 C(CH3)3
CHj3 5
OCNCH;3;
H—
Melting point: 210°-212° C. (benzene-hexane) %Cc] °
Elemental analysis for CpoH34N>OS:; 10 C(CH3)s
C (%) H (%) N (%) C(CH3)3
Calculated: 70.54 9.15 7.48 N CHj
Found: 70.45 9.24 7.07 )I\
OH
15 HOT SN
EXAMPLE 39 .
3
C(CH3)3
C(CH3)3 . :
By following the same procedure as in Example 16,
BrCH,COOH 20 5-(3,5-fli-'tert-bl.ltyl-4—hydroxyphenyl)-1,4-d1methyl-2-
N OH —————> 0xo0-4-imidazoline was produced.
)|\ Melting point: 285°-286° C.
CH
moN P ccHy
25 Elemental analysis for C1gHogN»O5:
C(CH3)3 C (%) H (%) N (%)
Calculated: 72.12 8.92 8.85
Found: 72.18 9.18 8.57
N OH
I
HOOCCHZS)\ N7 cH; 30 EXAMPLES 41-42
H C(CH3)3
C(CH3)3
HN C(CHy)3 N R - C(CHy);
I
Sék N OH —> . N C(CH 1 D N OH
H H
C(CH3)3 C(CH3)3
45 By following the same procedure as in Example 17,
the following compounds were produced.
EXAMPLE 41
In 30 ml of toluene were dissolved 1.6 g of 4-(3,5-di- Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
tert-butyl-4-hydroxyphenyl)-5-methyl-2-thioxo-4- 50 isopropylimidazole.;CH3;0H
imidazoline and 0.7 g of bromoacetic acid and after
adding thereto 1 g of triethylamine at room tempera- CH;
ture, the mixture was refluxed for 4 hours. After cool- (@)= CH )
ing, the reaction mixiure was filtrated and the filtrate &)= N
was extracted with an aqueous sodium carbonate solu- 55 CH;
tion and the alkali solution was acidified with diluted
hydrochloric acid. The precipitates thus formed were Melting pointi: 208°~210° C. (inethanol)
recovered by filtration and recrystallized from aqueous
isopropanol to provide 0.5 g of [4-(3,5-di-tert-butyl-4- -
hydroxyphenyl)-5-methyl-2-imidazoylthiojacetic acid. 60 Elemental analysis for CogH 30N20.jCH;OH:
Melting point: 252°-254° C. C (%) H (%) N (%)
Calculated: 74.50 9.76 8.48
Found: 74.23 10.08 8.43
Elemental analysis for CooHpeN>0O38:
C (%) H (%) N (%) 65
Calculated: 63.80 7.50 7.44 EXAMPLE 42
Found: 63.53 7.74 7.26

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
isobutylimidazole.
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41

CHj
( CH CH/ )
ay = )
AN
CH3 . 5

Melting point: 202°-203° C. (benzene)

Elemental analysis for Cp1H33N;0: 10
C (%) H (%) N (%)
Calculated: 76.78 9.82 8.53
Found: 76.64 9.95 8.45
15
EXAMPLE 43
C(CH3)3
20
oc OH Rm,cosn; =
BrCHCH3
C(CH3);
C(CHyy; 2
N OH
)I\ 30
HS CH
S P ocH)y

By following the same procedure as in Example 22,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-mercapto-5-
methylthiazole was produced.

Melting point: 267°-269° C. (tetrahydrofuran-hexane)

35

Elemental analysis for C1gHsNOS»: 40
C (%) H (%) N (%)
Calculated: 64.44 7.51 4.17
Found: 64.29 7.50 4.16
45
EXAMPLE 44-49
C(CH3)3 N
@1 50
N OH ———>
A
HS :
$TU@ Nyemy,
C(CH3); >3
N OH
|
_s/‘\ . 60
) C(CH3)3

By following the same procedure as in Example 23,
the following compounds were produced.

EXAMPLE 44

Compound: 4-~(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
ethylthiothiazole. (@) =H, @3 =CH,CH3)

/

65

42
Melting point: 130°-131° C. (methanol)

Elemental analysis for CjoHy7NOS):

C% H®%  N@®) S (%)

Calculated: 65.29 7.79 401 18.34

Found: 64.97 7.99 4.01 © 18.38
EXAMPLE 45

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
isopropylthiothiazole.

CHj3

/7
(=H, =CH\ )

CH;

Melting point: 173°-174° C. (hexane)

Elemental analysis for CooH20NOS»:

C (%) H (%) N (%) S (%)

Calculated: 66.07 8.04 3.85 17.64

Found: 66.20 7.84 - 3.67 17.80
EXAMPLE 46

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
methyl-2-methylthiothiazole. ( @4 =CHjs, =CH3)
Melting point: 118°-119° C. (hexane)

E} al analysis for Cj9H,7NOS,:
C (%) H (%) N (%) 8 (%)
Calculated: 65.29 7.79 4.01 18.34
Found: 65.41 7.96 401 18.60
EXAMPLE 47
Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
ethyl-2-methylthiothiazole. ( @ =CHxCHg,
@ =CHj)
Melting point: 115°-116° C. (hexane)
Elemental analysis for C;oHyoNOS:
C (%) H (%) N (%) S (%)
Calculated: 66.07 8.04 3.85 17.64
Found: 66.17 8.18 4.11 17.60
EXAMPLE 48

Compound: 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-
isopropyl-2-methylthiothazole.

CH;3;

7
(@)= CH\ »(8) = CHy)

CHj3

Melting point: 135°-137° C. (methanol)

Elemental analysis for C;1H31NOS;:
C (%) H (%) N (%)
66.80 8.27 371

S (%)
16.98

Calculated:
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43

-continued

Elemental analysis for C21H31NOS):

C (%) H (%) N (%) S (%)
Found: 66.70 8.37 3.77 17.20
EXAMPLE 49
Compound: 4-(3,5-di-teri-butyl-4-hydroxyphenyl)-5-
isobutyl-2-methylthiothiazole.
/CH3
(@)= CHZCH\ , @)= CHy)
CH,4
Melting point: 96°-97° C. (methanol)
Elemental analysis for C3H33NOS,:
C (%) H (%) N (%) S (%)
Calculated: 67.42 8.49 3.58 16.37
Found: 67.12 8.71 3.58 16.59
EXAMPLE 50
COOOH
C(CHy); '
a
N OH
A
CH;3S S C(CHs)
C(CH3)3
N OH
A
CH30S S C(CHa)s

In 5 ml of chloroform was dissolved 0.8 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-2-methylthiothiazole and
then 0.4 g of m-chloroperbenzoic acid (80%) was added
portionwise to the solution with stirring. After 30 min-
utes since then, the reaction mixture was washed with
an aqueous 5% sodium hydrogencarbonate solution and
the chloroform layer was concentrated. The crystals
thus obtained were recrystallized from hexane to pro-
vide 0.45 g of 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
methylsulfinylthiazole.

Melting poini: 124°-125° C.

Elemental analysis for CygHysNO,S):

C (%) H (%) N (%) S (%)
Calculated: 61.50 7.17 3.98 18.24
Found: 61.41 7.32 4.05 18.56

10

25
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EXAMPLE 51
NHzCH-@
C(CH3)3
OCNK
%%1 OH & o>
: C—Ha
C(CHa)3
 — A &
C(CH
o”k . (CH3); . C(CHy)3
H OH=gy N Q
~ OH
C(CH3)3 C(CHa)s
!
HO

C(CH3)3

By following the same procedure as in Example 6,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-phenyl-2-oxo-
imidazoline was produced.

Melting point: >300° C. (DMF-water)

Elemental analysis for C23HgN»0»:

C (%) H (%) N (%)
Calculated: 75.79 7.74 7.69
Found: 75.70 7.97 7.85
EXAMPLE 52
HZNCH—Q
C(CH3)3
oc OH SCNK
HCl
C(CHa3)3

C(CH3)3

C(CH3)3

I
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-continued

p——r

)I\ C(CHy); °
N
3 \on

C(CH
(CH3); 10

HS

By following the same procedure as in Example 8,
4-(3,5-ti-tert-butyl-4-hydroxyphenyl)-S-phenyl-2-thiox-
o-4-imidazoline was produced.

15
Melting point: 258°-262° C. (toluene)
Elemental analysis for Cf&NzOS:
C% H®%) N@) s@ 20
Calculated: 72.59 7.42 7.36 8.42
Found: 72.70 7.52 7.49 8.28
25
EXAMPLE 53
N & 3
C(CH3)3
//k N CHjl
S H Q oH —>
C(CHy)s 3
40
45
50
C(CH3)3
. . 55
By following the same procedure as in Example 10,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methylthio-5-
phenylimidazole was produced.
Melting point: 129°-131° C. (toluene-hexane) 60
Elemental analysis for Co4H30N,08.3C7Hg:
C (%) H (%) N (%) S (%)
Calculated: 74.10 7.67 6.71 7.67 6
Found: 73.64 7.86 6.42 7.46

46
EXAMPLE 54

&

C(CH3)3

HN

PN
N
s H Q OH —>

C(CH3)3

C(CH3)3
N ()on
k C(CH3);

= Z

&
O

= HN
I\\ C(CHa3)
N
CY-on
C(CH3)3

By following the same procedure as in Example 17,
4-(3,5-ditert-butyl-hydroxyphenyl)-5-phenylimidazole
was produced.

Melting point: 170°-171° C. (toluene)

Elemental analysis for C23H2gN20:

C (%) H (%) N (%)
Calculated: 79.27 8.10 8.04
Found: 79.16 8.28 8.06
EXAMPLE 55
C(CH3)3
ocC OH
CCH3):  ;cesnis =
BrCH‘@
C(CH3)3
A
HS S

Q o

By following the same procedure as in Example 22,
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-mercapto-5-
phenylthiazole was produced.
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Melting point: 168°~171° C. (tetrahydrofuran-hexane)

El tal analysis for C23H,7NOS:

C@®%) H® N S (%)
Calculated:  69.48 6.84 3.5 16.13
Found: 69.80 7.10 343 16.22
EXAMPLE 56
C(CH3)3
A
HS CH;3l
S C<CH3)3 _—
C(CH3)3
A
CH3S S

C(CH3)3

By following the same procedure as in Example 23,
4-(3,5-ditert-butyl-4-hydroxyphenyl)-2-methylthio-5-
phenylthiazole.

Melting point: 135°-137° C. (hexane)

15

20

48
was refluxed for 4 hours. The reaction mixture was
basified with the addition of aqueous ammonia and then
200 ml of water was added to the reaction mixture to
precipitate crude crystals, which were recovered by
filtration and recrystallized from ethanol to provide
235 g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-

dihydroimidazof2,1-b]thiazole.

Melting poini: 212°-214° C.

Elemental analysis for C1gH26N70S:
C (%) H (%) N (%)
Calculated: 69.11 8.04 8.43
Found: 69.05 7.93 8.48
EXAMPLE 58
H
C(CH3)3
Br O
N | Il
/Ik + CH3—CH—C OH —>
S NH;
C(CH3)3
C(CH
CH, (CH3);
N
[ )% oH
S N
C(CH3)3

By following the same procedure as in Example 57,
6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-methyl-2,3-
dihydroimidazo[2,1-b]thiazole was produced.

Melting point: 258°-261° C.

El | analysis for Co4HyoNOS:
C (%) H (%) N (%) S (%)
Calculated: 70.03 7.10 3.40 15.58 40 Elemental analysis for CoqHysN70S:
Found: 70.30 7.37 3.44 15.61. C @) H (%) N (%)
Calculated: 69.62 8.22 8.11
EXAMPLE 57 Found: 69.73 8.19 8.13
45
C(CH3)s EXAMPLE 59
N 0

I J\ + BrCH;—C OH —> C(CH3)3

s NH, ‘ 50 N g

C(CHz); " J\ + BrCH;—C OH —>
C(CHy)3 s N
N 55
s o
S N
C(CH3)3 [
60 S
In 300 ml of methy! ethy! ketone was dissolved 10.2 g

of 2-amino-2-thiazoline and after adding 32.7 g of 3,5-di- C(CH3)s
tert-butyl-4-hydroxyphenacyl bromide was added por- . .
tionwise to the solution followed by stirring for 30 min- In 20 ml of ethanol were dissolved 1.2 g of 2-amino-
utes at room temperature, the resultant mixture was 65 thiazole and 3.9 g of 3,5-di-tert-butyl-4-hydroxyphena-

refluxed for one hour. Then, the solvent was distilled
off under reduced pressure, the crystals thus formed
were dissolved in 200 ml of ethanol, and the solution

cyl bromide, and the solution was refluxed for 2 hours.
The reaction mixture was neutralized by the addition of
aqueous ammonia and added 30 ml of water. The crys-
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tals thus precipitated were recovered by filtration and
recrystallized from ethanol to provide 1.5 g of 6-(3,5-di-

50

tert-butyl-4-hydroxyphenyl)imidazo[2,1-b]thiazole. 2 ‘::"Zl;';is for Cz;“gﬁ)zo—sz:- N %)
Melting point: 184°-185° C. - Z -
5 Calculated: 63.95 7.09 7.62
Found: 64.14 7.00 7.48
El al analysis for C1oH24N2OS:
C(% H (% N (%
(%) (%) (%) EXAMPLE 64
Calculated: 69.31 7.65 8.38
Found: 69.48 7.36 8.53 10 Compound: The compound of the above formula
wherein Rois H, Ry; is a phenyl group, and Ri; is CH3.
Melting point: 229°-231° C. (n-hexane)
EXAMPLES 60-64
15 Elemental analysis for C26H3gN20S:
C(CHz)s C (%) H (%) N (%)
/ \ Calculated: 74.34 7.60 6.49
Riy | N ' OH Found: 74.60 7.22 6.69
Rlz—L s /LR9 = 20
s N C(CH3)3 EXAMPLE 65
By following the same procedure as in Example 59, (HC3)3C
the following compounds were produced. 25
ll
EXAMPLE 60 HO C—CH;Br +
Compound: The compound of the above formula
wherein Ry is CH3, Ry is CH3, and Ry2 is H. (CH3)3C
Melting point: 188°~190° C. (n-hexane-cyclohexane) 30
Elemental analysis for C31HgN,0S: Q
C (%) H (%) N (%) N
Calculated: 70.56 8.03 7.64 35 | —
Found: 70.75 7.92 7.86 )\ ,
HS N
H Q
EXAMPLE 61
Compound: The compound of the above formula 4 CC
wherein Rg is CHs, Ry is CHs, and Ry is CH. ®HCa)s
Melting point: 208°-210° C. (n-hexane) / \
HO ' N
Elemental analysis for C;pH3N;08.4H0: 4 S l\ )\ ~
C (%) H (%) N (%) (CH3);:C § N
Calculated: 70.67 8.27 739 '
Found: 71.31 8.16 7.56
0 1n20ml of ethanol was dissolved 0.11 g of metallic
EXAMPLE 62 sodium and after adding 1 g of 4,5-diphenyl-2-mercap-

Compound: The compound of the above formula
wherein Ry is H, Ri;is H, and Rz is Br.
Melting point: 174°-176° C. (n-hexane-cyclohexane)

Elemental analysis for CjoH»3BrN;OS:

C (%) H (%) N (%)
Calculated: 56.40 5.92 6.55 60
Found: 56.02 5.69 6.88
EXAMPLE 63

65
Compound: The compound of the above formula

wherein Rg is H, Ryt is H, and Rj3 is CH3S.
Melting point: 131°-132° C. (n-hexane-cyclohexane)

toimidazole to the solution followed by stirring several
minutes, 1 g of 3,5-di-tert-butylphenacyl bromide was
added thereto followed by stirring for one hour at room
temperature. The reaction mixture was concentrated
udner reduced pressure and then water was added to
the residue. The crystals thus formed were recovered
by filtration, dried, dissolved in 20 ml of phosphorus
oxychloride, and the solution was refluxed for 14 hours.
The reaction mixture was concentrated under reduced
pressure and after adding water to the residue followed
by neutralization with potassium carbonate, the product
was extracted with chloroform. The extract was dried
and concentrated. The residue was subjected to silica
gel column chromatography and the product was
eluted with chloroform. The crude crystals thus ob-
tained were recrystallized from ethanol to provide 0.8 g
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of  3-(3,5-di-tert-butyl-4-hydroxyphenyl)-5,6-diphenyl
imidazo[2,1-b]thiazole.
Melting point: 237°-238° C.

El al analysis for C3;H37N70S:

C (%) H (%) N (%) S (%)
Calculated: 7747 6.57 5.70 6.48
Found: 77.46 6.71 5.83 6.67

EXAMPLE 66
(HC3)3C
]
HO C—CH3Br +
(CH3)3C
Q OCH3
N
/L l
HS N

H OCH3

(HC3)3C
OCH3
HO / \ | N ]
—/ U
S N

(CH3)3C OCH;

By following the same procedure as in Example 65,
3-(3,5-di-tert-butyl-4—hydroxypheny1)-5,6-bis(p-methox-
yphenyl)-imidazo[2,1-b]thiazole was produced.

Melting point: 236°-237° C.

El al analysis for C33H36N»803:
C (%) H (%) N (%) S (%)
Calculated: 72.92 6.53 5.32 6.42
Found: 73.30 6.71 5.18 593
EXAMPLE 67
C(CH3)3
N ooy
E A o —>
S N
C(CH3)3
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52
-continued
C(CH3)3
N
[ A on
S N
\Cl)/ C(CH3)3

In 10 ml of chloroform was dissolved 1.6 g of 6-(3,5-
di-tertbutyl-4-hydroxyphenyl)-2,3-dihydroimidazo[2,1-
b]thiazole and after adding thereto 1 g of m-chloroper-
benzoic acid, the mixture was stirred for 10 minutes.
The reaction mixture was washed with an aqueous 5%
sodium hydrogen carbonate solution, dried, and then
the solvent was distilled off. The crystals thus formed
were recrystallized from ethanol to provide 1.3 g of
6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-b]thiazole 1-oxide as the } ethanol addi-
tion product.

Melting point: 211°-212° C.

Mass spectrum: m/e: 346(M+)

Elemental analysis for C1oH6N2058.3C,HsOH:
C (%) H (%) N (%)
Calculated: 65.11 7.78 7.82
Found: 65.01 791 7.58
EXAMPLE 68
C(CH3)3
N
[ A OH —>
\i/ N
o C(CH3)3
C(CH3)3
N
[ A OH
S N
O/ \0 C(CH3);

In 10 ml of chloroform was dissolved 0.6 g of 6-(3,5-
di-teri-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-b]thiazole 1-oxide and then 0.4 g of
m-chloroperbenzoic acid was added to the solution.
After 30 minutes, 0.4 g of m-chloroperbenzoic acid was
further added to the mixture and the resultant mixture
was allowed to stand for one hour. The reaction mix-
ture was washed with an aqueous 5% sodium hydrogen
carbonate solution, dried, and then the solvent thereof
was distilled off. The residue was purified by silica gel
chromatography using chloroform as the eluent and
further recrystallized from aqueous ethanol to provide
0.2 g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-b]thiazole 1,1-dioxide.

Melting point: 267°-269° C.

Elemental analysis for C1oH26N7038:
C (%) H (%) N (%)
Calculated: 62.77 7.35 7.60
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-continued

Elemental analysis for C1oHp6N038:
C (%) H (%)
62.96 7.23

N (%)
7.73 5

Found:

EXAMPLE 69

C(CH3)3

N —
DMF + POCI
[ A OH ———2>
S N

C(CH3)3

L,

10

C(CH
CHO (CH3)3

OH 20

C(CH3);
To a solution of 1.5 ml of dimethylformamide in 10 ml 25
of chloroform was added 1.1 g of phosphorus oxychlo-
ride under ice-cooling and the mixture was allowed to
stand for one hour. To the reaction mixture was added
L.5 g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-b]thiazole and the mixture was refluxed
for 4 hours. To the reaction mixture was added 20 ml of
an aqueous 10% potassium carbonate solution and the
mixture was stirred for 15 minutes. The chloroform
layer was dried and concentrated. The crystals thus
obtained were recrystallized from ethanol to provide
1.0 g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-formyl-
2,3-dihydroimidazo[2,1-b]thiazole.

Melting point: 210°-212° C.

30

35

- 40
Elemental analysis for CyoH2¢N,0,S:
C (%) H (%)

66.82 7.20

67.01 7.31

N (%)

7.80
7.8t

Calculated:
Found:

45
EXAMPLE 70

C(CH
CHO (CH3)3

50

NEN.

OH —>

C(CH3)3

NS

55
CHZOH C(CH3)3

OH
60

C(CH3)3

In 10 ml of ethanol was dissolved 0.4 g of 6-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-formyl-2,3-dihy-
droimidazo[2,1-b]thiazole and after adding 40 mg of
sodium borohydride to the solution, the mixture was
stirred for 10 minutes. To the reaction mixture were

65

54
added 0.3 ml of acetic acid and 30 ml of water, and the
crystals thus precipitated were recovered by filtration
and recrystallized from aqueous ethanol to provide 0.3
g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-hydrox-
ymethyl-2,3-dihydroimidazo[2, 1-b]thiazole.
Melting point: 227°-229° C.

Elemental analysis for C20H N> 058:

C (%) H (%) N (%)
Calculated: 66.55 8.04 773
Found: 66.63 7.80 7.77
EXAMPLE 71
C(CH3)3
N
NH(CH HCHO
I A OH (CH3) + >
S N
C(CH3)3
CHj3
CH;N
CH;
N C(CH3)3
[ )%
S N OH
C(CH3)3

To a mixed solution of 0.9 g of an aqueous 40% di-
methylamine solution, 0.5 g of an aqueous 35% formal-
dehyde solution, 1.5 ml of acetic acid, and 5 ml of diox-
ane was added 0.66 g of 6-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-2,3-dihydroimidazo[2,1-b]thiazole and the re-
sulting mixture was refluxed for 6 hours. The reaction
mixture was concentrated under reduced pressure and
the residue was mixed with 20 ml of an aqueous 10%
potassium carbonate solution and extracted with chlo-
roform. The extract was dried and concentrated, and
the residue thus formed was purified by silica gel chro-
matography using chioroform as the eluent and further
recrystallized from aqueous ethanol to provide 0.3 g of
S-dimethylaminomethyl-6-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-2,3-dihydroimidazo[2, 1-b]thiazole. 1 H0.

Melting point: 188°-191° C.

Mass spectrum: m/e: 387(M+)

Elemental analysis for C;oH33N30S.3H,0:

C (%) H (%) N (%)
Calculated: 67.49 8.70 10.48
Found: 67.39 8.61 10.72
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EXAMPLE 72
‘ ) 5
C(CH3)3 HN o+
E—‘ N _/
/K ol HCHO >
s N
10
C(CH3)3
/N
CHzN o
r N C(CH3)3
S A N OH 79
C(CH3)3
A mixture of 1.65 g of 6-(3,5-di-tert-butyl-4-hydroxy- 25

phenyl)-2,3-dihydroimidazo[2,1-b]thiazole, 1.8 g of
morpholine, 1.7 g of an aqueous 35% formaldehyde
solution, 1.5 ml of acetic acid, and 10 ml of dioxane was
refluxed for 6 hours. The reaction mixture was concen-
trated udner reduced pressure and to the residue was 3g
added 20 ml of an aqueous 10% potassium carbonate to
precipitate crystals, which were recovered by filtration
and recrystallized from methanol to provide 0.85 g of
6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-mor-

pholinomethyl-2,3-dihydroimidazo[2,1-b]thiazole. 35
Melting point: 231°-233° C.
Elemental analysis for Co4Ha5N30,8:
C (%) H (%) N (%) S (%) 40
Calculated: 67.08 8.32 9.67 735
Found: 67.10 8.21 9.78 7.46
EXAMPLE 73 45
COHD 1 N—cHs +
N \/
l * oH HCHO > 50
S N
C(CH3)3

C(CH3)3

By following the same procedure as in Example 72,
6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-(4-methyl-

56
piperazinomethyl)-2,3-dihydroimidazo[2, 1-b]thiazole
was produced.

Melting point: 211°-212° C.

Elemental analysis for CpsH3gN40S.H,0:
C (%) H (%) N (%) S (%)
Calculated: 65.28 8.61 12.00 7.06
Found: 65.18 8.75 12.16 6.96
EXAMPLE 74
C(CH3)3
| )\ NaSCN
Brz
. C(CH3)3
C(CH
SCN (CH3)3
N
[ * OH
S N
C(CH3)3

In 10 m] of acetic acid was dissolved 1.35 g of 6-(3,5-
di-tert-butyl-4-hydroxyphenyl)-2,3-dihy-
droimidazo[2,1-bjthiazole and after adding thereto 0.64
g of sodium thiocyanate, 0.7 g of bromine was added
dropwise to the solution under ice-cooling. After per-
forming the reaction for one hour at room temperature,
30 ml of water was added to the reaction mixture to
precipitate crystals, which were recovered by filtration.
The crystals were added to a mixture of 20 ml of chloro-
form and 10 ml of an aqueous 10% potassium carbonate
solution followed by stirring. The chloroform layer
thus formed was dried and concentrated, and the resi-
due thus formed was purified by silica gel column chro-
matography using chloroform as the eluent and further
recrystallized from ethanol to provide 0.6 g 6-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-thiocyanato-2,3-dihy-
droimidazo[2, 1-b]jthiazole.

Melting point: 178°-179° C.

Elemental analysis for CogHsN3085:

C (%) H (%) N (%) S (%)
Calculated: 62.05 6.50 10.66 16.84
Found: 61.98 6.50 10.84 16.54
EXAMPLE 75
C(CH3)3
| CH3I
C(CH3)3
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-continued
SCH; C(CH3)3
N
| E PO o s
S N
C(CH3)3

In 10 ml of methanol was dissolved 1.3 g of 6-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-thiocyanato-2,3-dihy-
droimidazof2,1-b]thiazole and afier cooling the solution
to 0° C,, 0.65 g of methyl iodide was added dropwise to
the solution with stirring and further a solution of 0.2 g
of potassium hydroxide dissolved in a mixture of 2 ml of 15
water and 2 ml of methanol was added dropwise to the
solution. After 30 minutes, the reaction mixture was
concentrated and the residue was purified by silica gel
column chromatography using chloroform as the eluent
and further recrystallized from ethanol to provide 0.18
g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-meth-
ylthio-2,3-dihydroimidazo(2, 1-b]thiazole.

Melting point: 170°-171° C.

10

25
Elemental analysis for CoHgN,08;:
C (%) H (%) N (%) S (%)
Calculated: 63.49 7.60 7.36 16.85
Found: 63.79 7.49 7.44 17.03
30
EXAMPLE 76
C(CH:
(CH3)3 35
h —
)\ on DMF + (COCl); .
[ s LI ALLS) BN
s N - NH>OH
C(CHz)3 40
Ci
CN (CH3)3
L]
P on
s N 45
C(CHz)3

To a mixed solution of 0.5 g of dimethylformamide
and 10 ml of ethylene dichloride was added dropwise a
solution of 0.9 g of oxalyl chloride in 5 ml of ethylene
dichloride under ice-cooling. After allowing to stand
the mixture for 15 minutes at room temperature, a solu-
tion of 2 g of 6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2,3-
dihydroimidazof[2,1-b]thiazole dissolved in a mixture of
3 ml of dimethylformamide and 10 ml of ethylene di-
chloride was added dropwise to the solution and the
resultant mixture was stirred for 2 hours. Then, a solu-
tion of 0.5 g of hydroxylamine hydrochloride dissolved
in a mixture of 1.5 ml of dimethylformamide and 0.6 ml
of pyridine was added to the reaction mixture and the
resultant mixture was refluxed overnight. The reaction
mixture was washed with 30 ml of an aqueous 5% so-
dium hydrogen carbonate solution, dried, and then con- 65
centrated. The residue thus formed was purified by
silica gel column chromatography using chloroform as
the eluent and further recrystallized from ethanol to

55
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provide 0.33 g of 5-cyano-6-(3,5-di-tert-butyl-4-hydrox-
yphenyl)-2,3-dihydroimidazo[2, 1-b]thiazole.
Melting point: 207°-208° C.

Elemental analysis for C29H75N308:

C (%) H (%) N (%)
Calculated: 67.52 692 11.74
Found: 67.57 7.00 11.82
EXAMPLE 77
(CH3)3C
_ CHsCHO
HO (13_0 CH;COONT; >
e
(CH3)3C CH;
(CH3)3C
HO N
|
CH
(CHy)C A

In 10ml of acetic acid was dissolved 0.6 g of 1-(3,5-di-
tert-butyl-4-hydroxyphenyl)-1,2-propanedione and then
after adding thereto 0.3 g of benzaldehyde and 2.2 g of
ammonium acetate, the mixture was refluxed for 3
hours. The reaction mixture was concentrated and the
residue formed was mixed with 20 m] of water, neutral-
ized by the addition of concentration aqueous ammonia,
and extracted with chloroform. The extract was dried
and concentrated under reduced pressure. The crystals
thus formed were purified by silica gel column chroma-
tography using chloroform as the eluent and recrystal-
lized from aqueous ethanol to provide 0.3 g of 4-(3,5-di-
tert-butyl-4-hydroxyphenyl)-5-methyl-2-
phenylimidazole.

Melting point: 298°-300° C.

Elemental analysis for Co4H30N70:

C (%) H (%) N (%)
Calculated: 79.52 8.34 7.73
Found: 79.67 8.45 7.77

The clinical doses of the compounds I of this inven-
tion are usually 10-1,000 mg. per day for an adult and
the medicament is administered by 2-3 times per day.
The doses are properly controlled according to the
condition and age of the patient.

The compounds of this invention are administered as
various forms such as agents for oral administration,
injections, suppositories for rectal administration, medi-
cines for topical application, etc.

The medicaments of this invention are used as com-
positions prepared by blending with conventional phar-
maceutical carriers or excipients by ordinary method.
The tablets, capsules, granules, powders, etc., of the
compounds of this invention for oral administration
may contain a pharmaceutical excipient generally used
in the field of art, such as calcium carbonate, calcium
phosphate, starch, sucrose, lactose, talc, magnesium
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stearate, gelatin, polyvinyl pyrrolidone, gum arabic,
sorbitol, microcrystalline cellulose, polyethylene gly-
col, silica, sodium laurylsulfate, etc. Moreover, the tab-
lets may be coated by a manner well known in the art.

Furthermore, the liquid formulations for oral admin-
istration may be an aqueous or oily suspeison, a syrup,
an elixir, etc., and are prepared by a conventional
method.

Suppositories for rectal use are used and they may
contain a formulation carrier well known in the art,
such as polyethylene glycol, lanolin, cacao butter,
Witepsol ®) (made by Dynamite Nobel Co.), etc.

We claim:

1. A 3,5-di-tert-butyl-4-hydroxyphenyl-substituted

heterocyclic compound represented by the formula
C(CH3)3
N
R]ﬁ OH
Ry A
C(CHz3)3

wherein R and Rz, which may be the same or different,
each represents a hydrogen atom, a lower alkyl group,
a phenyl or naphthyl lower alkyl group, a phenyl
group, a naphthyl group, a lower alkoxy-substituted
phenyl or naphthyl group, or the group shown by
—0—2Z,

or —NH—Z wherein Z represents a hydrogen atom, a
lower alkyl group, a carboxy lower alkyl group, a lower
alkoxycarbonyl lower alkyl group, a phenyl or naph-
thyl lower alkyl group, a phenyl group, or a naphthyl
group and n represents 0, 1, or 2; and A represents an
oxygen atom, a sulfur atom, an imino group, a lower
alkylimino group, or a 3,5-di-tert-butyi-4-hydroxy-
phenacylimino group

C(CH3)3
(\NCH CO OH )
, 2

C(CH3)3

5
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and salts thereof. :

2. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-methyl-2-oxo-imidazolinne.

3. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-ethyl-2-0xo0-4-imidazoline.

4. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-ethyl-2-methylthioimidazole.

S. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-methyl-2-methylthioimidazole.

6. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-ethylimidazole.

7. The heterocyclic compounnd of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-5-methylimidazole.

8. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-2-mercaptothiazole.

9. The heterocyclic compound of claim 1 wherein
said heterocyclic compound is 4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-2-methylthiothiazole.

10. A pharmaceutical composition comprising an
anti-inflammatory, anti-pyretic, analgesic, anti-arthritic,
immunoregulatory or antirheumatic-effective amount
of the compound of claim 1 in combination with a phar-
maceutically acceptable carrier.

11. The composition of claim 10 wherein said effec-
tive amount is between about 10 and 1,000 milligrams
per day.

12. A method of producing an anti-inflammatory
effect in a warm-blooded animal comprising administer-
ing the composition of claim 10 to said warm-blooded
animal.

13. A method of producing an anti-pyretic effect in
warm-blooded animals comprising administering the
composition of claim 10 to said warm-blooded animal.

14. A method producing an analgesic effect in warm-
blooded animals comprising administering the composi-
tion of claim 10 to said warm-blooded animal.

15. A method of producing an anti-arthritic effect in
warm-blooded animals comprising administering the
composition of claim 10 to said warm-blooded animal.

16. A method of producing an immunoregulatory
effect in warm-blooded animals comprising administer-
ing the composition of claim 10 to said warm-blooded

animals.
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